One serious problem faced by the forest industry in the Pacific Northwest is poor regeneration of commercial trees ~land which is har vested and subsequently dominated by brush species. In Coastal Oregon, salmonberry is one of these brush species. Detailed investigations of field sites indicate that light i~tensity in the brush stands was low but sufficient for germination and early growth of Douglas-fir seedlings and soil moisture percentages and nutrient levels were high enough to support early Douglas-fir growth. Laboratory tests demonstrated the presence of leachable phytotoxins in the leaves of salmonberry. The hypothesis resulting from this study is that salmonberry releases a phytotoxin that in synergism with environmental stresses (i.e •• light).
In Oregon there are thousands of acres of potential forest land that are covered with dense brush (Moravets, 1951; Hayes, 1959) . lnter ference (as used by Muller, 1969) from brush and herbaceous vegetation is one of the more serious causes of suppressed natu~al establishment of commercial timber trees (Grotkowski, 1961; Ruth, 19~7) .
West of the crest of the Coast Range in northern Oregon one of the major'brush species is salmonberry (Rubus spectabilis).l This ubiquitous shrub successfully invades cleared areas to form mono~specific stands.
When salmonberry is a normal component of forested areas the shoots and roots are cut and disturbed during logging operations. By the next growing season these plants undergo vigorous resprouting from rhizomes and by suckers and establish severe competitive associations with natural or planted conifers. Soil disturbance and increased light resulting from logging operations stimulate germination of salmonberry seeds that are lying dormant in the duff (Krygier and Ruth, 1961) .
The extent that salmonberry affects germination, survival, and suc cession of Douglas-fir (Pseudotsuga menziesii) in the coniferous areas of Oregon and Washington has yet to be determined. Preliminary experi mentation has revealed only that there are detrimental effects caused by salmonberry (Morris, 1958; Ruth. 1956; Gratkowski, 1961) .
~lant species names follow Peck, 1961. 11,1 2 One aspect of interference which has not been considered is a bio chemical interaction between salmonberry and conifers. Allelopathic interactions have been shown for a number of plant species to have detri mental effects to the pOint of exclusion of adjacent vegetation (Muller. 1966; Whittaker, 1970) . From one member of the genus Rubus, raspberry (!. idaeus) the growth inhibitor salicyclic acid has been isolated and identified (Doby, 1965) . This phenolic acid has been indicated as an allelopathic agent in several studies (Garb, 1961; DeBell, 1970) .
Salmonberry has shown phytotoxicity in laboratory tests but has failed to show conclusive field interference (del Moral and Cates, 1971).
One of the conifer species that is affected by salmonberry in Ore gon is Douglas-fir. Salmonberry/Douglas-fir associations on clear-cut fields occur in a variety of patterns. In certain ateas it appears that young seedlings of both species can exist side-by-side. In fact, it has been observed that Douglas-fir seedlings are occasionally harbored at the base of salmonberry shrubs. However, it has been noted that these asso ciations usually occur when there is a very small number of salmonberry shrubs and when the Douglas-fir seedlings are exposed to direct light for part of the day. As the salmonberry stands begin to mature. the number of Douglas-fir seedlings found in close proximity begin to decrease, and at mat~rity salmonberry stands harbor no Douglas-fir beneath the canopy.
Salmongerry apparently pr~vides a deleterious factor to the growth of Douglas-fir. and has been adjudged by many workers to be the source of severe competition. However. the specific type of competition has never been worked out. The purpose, of this study, therefore, is to determine precise field pattern for salmonberry/Douglas-fir associations and " possible explanations for their cause and existence. To study the possibility of biochemical interference by salmonberry, I bioassays were set up as follows: dry, dead salmonberry leaves were col lected from the ground, returned to the laboratory, and homogenized in (( a Waring Blendor. Seven grams of ground leaves and 100 ml of glass dis tilled water were thoroughly mixed on a shaker for one-half hour. The mixture was allowed to stand for one hour and then the extract was de canted. Twenty seeds of cheatgrass (Bromus tectorum) were arranged in circular fashion on a seedbed of sterilized white mason sand in each of nine'SOO ml storage dishes and watered with 10 ml of the extract. Nine controls were watered with glass distilled water. Storage dishes were then sealed with parafilm and placed in cold stratification (5°C). At the end of 12 hours the storage dishes were removed from cold stratifi cation and placed in a growth chamber at 2SoC for 43 hours. A second seedbed consisting of filter paper (Whatman 01) soaked in the extract 10 was utilized and set up following the same procedure. A second bioassay seed species. radish (Raphanus sativa) was used following the same pro cedure but with two modifications. Ten seeds were used for each seedbed type and cold stratification was omitted. Percent germination and degree of growth. as estimated by length of the radicle, were determined for both seed types. Seeds of Douglas-fir were used for a third bioassay procedure. The procedure was identical to that of tpe cheatgrass with two exceptions: ten seeds were used for each seedbed type and the seeds were subjected to cold stratification (SOC) for six weeks. and then trans ferred to a growth chamber (22°C) for a minimum of seven days.
RESULTS AND DISCUSSION
.' The results of this study are divided into two major areas of con centration: determination and description of the field association patte;I'?s, and analysis of biotic and abiotic factors that could control the observed patterns.
I. FIELD PATTE&~S
Major species in each plot were identified and total number of stems for each site was recorded (Table I) .
In clear-cut areas salmonberry and Douglas-fir can be observed to grow side by side during the very early stages of gro~th. During these stages the sal~onberry are still individual plants and have not yet begun to form clones. As the salmonberry individuals begin to mature, clone formation ensues and as many as twelve stems can be seen coming from the basal portion of the initial stem. After the clone is formed extensive branching of each stem occurs and leaves are profuse only on the periphery of the clone. During the pre-clone stages there is no direct correlation between abundance of salmonberry and Douglas-fir. After clone formation however, the abundance of Douglas-fir is greatly reduced and becomes greater as the height of the salmonberry stand increases. Douglas-fir exists within such a maturing salmonberry stand only when its height ex ceeds that of the salmonberry or when the salmonberry canopy is discon-.
tinuous. In both cases the crown of the Douglas-fir receives direct sunlight. The Douglas-fir that were observed were either mature trees that helped form the tree canopy of the entire mixed stand or immature trees that helped -form the sub-canopy. In these mixed alder/conifer stands the den sity. of both salmonberry and Douglas-fir is greatly ~educed as compared to the clear-cut areas (Table II) . The average clone contained seven stems, with a maximum number of eleven and these showed reduced branching.
The salmonberry canopy is discontinuous and clone density is reduced.
Height of the salmonberry clones, on the average, is greater than that fouild in clear-cut areas. Within a 10m radius of the alder trees, more salmonberry seedlings were observed, whereas outside this radius, root suckers were more prevalent. However, with a reduction in salmonberry Mature conifer forests were observed and it was found that.without disturbance, either natural or man-made, salmonberry did not occur. ....
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II. ABIOTIC AND BIOTIC FACTORS
The exclusion of Douglas-fir after a salmonberry stand reaches a certain density is particularly indicative of a possible suppression mechanism caused by biotic interference. This interference could be in the form of competition for soil nutrients, soil mOisture, light, or a subtle biochemical interaction, caused by the addition of metabolic byproducts to the ,environment. Since soil moisture dePfetion is a possible cause of suppression, moisture percentages were determined for each plot and the average minimum value for each site recorded (Table II) . Annual precipitation in this region ranges between 200-300 cm and is supple mented greatly by heavy fog drip (Ruth. 1956 ). Wilting coefficient for this region ranges between 39.2-40.1. From the amount of annual precipi tation and percent soil moisture for each site it becomes clear that soil moisture is not at a deficit and consequently competition for soil mois ture is not probable.
,The greatest Douglas-fir density occurs at the highest soil temp erature value (Table II) . It is possible that in areas with a high density of salmonberry the soil temperature stays below optimum for Douglas-fir growth for most of the day. while in areas with a lesser salmonberry density the Douglas-fir receive much more direct sunlight.
In this respect soil temperature could, be limiting.
Another possible suppression mechanism is competition for soil nut rients. The results of the analyses of soil nutrients (Table III) examined which suggests that competition for nutrients is not an._operafl tive mechanism in this study. Furthermore, nutrient deficiency symptoms were not observed in any site. However detailed soil nutrient analysis is necessary to eliminate the possibility of competition for nutrients.
Light is known to limit plant distribution and growth at certain times of the year or during certain stages of development, either by an over abundance or by a deficiency. As a seedling, Douglas-fir is con sidered to be fairly intolerant of shade and suppression by competition for light has been alluded to by various workers (Isaac, 1938; Morris, 1958; Ruth, 1967) . Other workers however, pOint out the fact that Douglas-fir seedlings once germinated, thrive in a small amount of shade caused by inanimate objects rather than direct sunlight (Minore t 1971).
Because of this fact, radiant energy was measured to ascertain the effects of a reduced amount of light upon the establishment of Douglas-fir. I found no obvious pattern involving light intensity in clear-cut areas (Table II ). In the mixed alder/conifer stands, however, a positive cor relation exists between salmonberry density and light intensity. With a more dense canopy. such as that produced by a continuous canopy of alder trees, the amount of radiation entering the sub-canopy is greatly reduced due to reflection and absorption by the canopy. It was found that density of salmonberry is less under alder/conifer canopies than in clear-cut areas and this reduction in density appears to be correlated , with the reduction in the intensity of light. In both types of areas, clear-cuts and mixed alder/conifer stands, light reduction in salmonberry stands could be sufficient to be detrimental to Douglas-fir establishment and growth. However. further experimentation would need to be performed to determine exact interactions.
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The final factor to be considered is that of a possible biochemical interference between the two plants. The results of my bioassays are re corded in Tables IV, V, and VI. Average radicle length of unhibited radish seeds was 25 rom after 48 hours. Radicle length of cheat grass at the end of 72 hours was 22 mm. Average radicle length of Douglas-fir seeds ~t the end of four weeks was 29 mm. When seeds of radish (Table IV) were treated with the leaf extract there was a significant reduction in both germination and growth. Radicle length was reduced to an average of 40 percent of control on the sand seedbed while germination was re duced to 33 percent of control. On filter paper seedbeds, radicle length was r~duced to 49 percent of control while germ1nati9n was not affected.
A 2 X 2 factcn;;l.al analyah ehowed that both serm1na~1on. and rad1cle length was significantly reduced (at the 5% level) when the sand seedbed was used. On filter paper seedbeds only radicle length was significantly reduced. From these results it appears that salmonberry leaves contain a phytotoxin that is effective to a greater degree when combined with soil particles • . Results in Table V indicate an increased germination and growth in the treatments as compared to the controls. Radical length was increased to ~s much as 119 percent of control on a sand seedbed and 138 percent of control on a filter paper seedbed. A 2 X 2 factorial analysis was performed which showed no significant difference. These results are con tradictory to already published results (pel Moral and Cates, 1971) .
Inspection of Table VI shows a reduction in radicle length for
Douglas-fir seeds that is significant at the 1% level. Germination and growth on sand seedbeds was erratic while there was no germination on filter paper seedbeds even after six weeks in the growth chamber. A 20 possible explanation for the failure on filter paper c,ould be the lack of moisture retention by the paper over a six week period. Radicle length was reduced to 57 percent of control on the sand seedbed while germination was reduced to 50 percent of control.
The results gathered from these bioassays indicate that salmonberry contains a water-soluble growth inhibitor that is potentially allelo pathic. The fact that senescent leaves were utilized to make the extract indicates that leaf litter in the field is one sourc~ of phytotoxins • . . , *Difference significant at the 5% level by a 2 X 2 factorial analysis. **Difference significant at the 1% level by a 2 X 2 factorial analysis. (Bates, 1925 (Bates, , 1928 . (Tables 7-12) Number of germinated seeds of Bromus tectorum 'and length of radicle of germinated seeds when treated with a water extract of salmonberry leaves (treatment) or glass distilled water (control). Three replicates, each containing twenty seeds per combination of substrate and treatment. Total of four considerations. This is a model I ANOVA. 
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